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Abstract Objective Adipose-derived stem cells(ADSCs) are suggested to possess a highly plastic ability to
differentiate into several specific cell types in addition to adipocyte lineages, including germ layer tissue-specific
cell lineages such as chondrocyte, myocyte, neuronal, and osteoblast lineages. The aim of this study is to establish
an in vitro culture technique for ADSCs in an adult guinea pig model that facilitate their differentiation into hair
cell-like cells. Materials and Methods Cells from inguinal fat pads in adult guinea pigs were cultured with
β-mercaptoethanol, RA, Forskorin, Heregulin, bFGF, BDNF and EGF. Cellular differentiation was examined using
immunocytochemistry techniques. Results The ADSCs demonstrated hair cell immunophenotypes with expression
of epitopes of the hair cell marker protein myosin Ⅶa. Conclusion ADSCs from adult guinea pig adipose tissue
can differentiate into hair cell-like cells when cultured in vitro. ADSCs may serve as seed cells for tissue
engineering.
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Introduction
More than 5% of individuals in industrialized
nations have significant hearing problems, ranging
from modest difficulties with preserved speech
comprehension to profound deafness[1]. It is estimated
that 4% of people under 45 years of age and 34% of
those at 65 years or older have debilitating hearing
loss[2]. In > 80% of the hearing loss cases, the cause is
related to degeneration and death of hair cells and their
associated spiral ganglion neurons [3].
The hair cells of the mammalian inner ear are
located in the organ of Corti in the cochlea, and in the
macula and crista of the saccule, utricule and
semicircular canals. Although hair cell regeneration
has been observed in vestibular sensory epithelia[4, 5],
replacement of lost cochlear hair cells does not occur
spontaneously in disorders such as age-related hearing
loss. The basis for the reoccurrence of hair cells in the
damaged utricle seems to be cell proliferation, which is
most readily observed after treatment with mitogenic
growth factors[6-8]. This regenerative ability may be due
to the presence of stem cells that reside in the sensory
epithelium of the utricular macula. Both embryonic
stem cells and neural stem cells can be transplanted
into the cochlea. The grafted cells are located among
host cochlear nerves in the cochlear modiolus and can
be identified by expression of Mysion Ⅶ a - a hair
cell-specific marker [9-23]. However, the inaccessibility
of these stem cells limits their clinical utility and has
led to the search for alternative cells that are capable of
hair cell differentiation. Adipose tissue is an abundant,
accessible, and replenishable source of adult stem cells
that can be isolated from liposuction waste tissue by
collagenase digestion and differential centrifugation.
These adipose-derived stem cells(ADSCs) in adult
individuals are multi-potent, capable of differentiating
along the adipocyte, chondrocyte, myocyte, neuronal
and osteoblast lineages. They can also serve for other
purposes, such as providing hematopoietic activities
and repair of acutely and chronically damaged tissues
[24]. The objective of this study is to determine whether
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ADSCs in adult guinea pigs are capable of
differentiating into hair cell-like cells in vitro.
Materials and methods
Cell Harvest and Culture Adipose tissue was
harvested from the inguinal fat pads in adult guinea
pigs. The stromal vascular fraction was extracted from
the raw adipose tissue according to established
protocols. The specimen was washed extensively with
phosphate-buffered saline(PBS) and digested at 37° C
for 30 minutes with 0.075% collagenase(Sigma, St
Louis, MO). Enzyme activity was neutralized with
a-Dulbecco Minimum Eagle’ s Medium(DMEM)
(Invitrogen, Gaithersburg, MD) containing 10% FBS
and centrifuged at 1200g for 10 minutes to obtain a
high density cell pellet. The stromal cell pellet was
incubated overnight at 37° C/5% CO2 in a-DMEM
medium containing 10% FBS. After 24 hours, the
non-adherent cells were removed and the adherent
ADAS cells expanded through serial passages. Cells
were placed at 8,000-10,000 cells/cm2 for each
passage. Cells from passages 3 were used throughout
the study. Unless otherwise noted, experiments were
conducted on separate cultures repeated at least in
triplicate.
Characterization of ADSCs ADSCs were cultured
in the control medium for 72 hours before analysis.
Flow cytometry was performed as previously reported
(Zuk et al., 2001) with a FACscan argon laser cytome-
ter (BD Biosciences, San Jose, CA). Briefly, cells were
harvested in 0.25% trypsin/EDTA and fixed for 30 min-
utes in ice-cold 2% formaldehyde. Fixed cells were
washed in flow cytometry buffer(PBS, 2% FBS, 0.2%
Tween 20) and incubated for 30 minutes in flow cytom-
etry buffer containing fluorescein isothiocyanate-conju-
gated monoclonal antibodies to the following CD anti-
gens: 105, 44 and 34.
Induction ADAS cells from Passage 3 were grown
to 80% confluence in the control medium. To initiate
hair cell differentiation, the cells were washed with
PBS and incubated in a culture containing β-mercapto-
ethanol(100 μl /ml) and DMEM in 10% FBS for 24
hours. The cells were then washed with PBS and incu-
bated in a culture containing RA(10 μl /ml) and
DMEM in 10% FBS for 72 hours. Finally, after wash-
ing with PBS, the cells were incubated in a culture con-
taining Forskorin(20 μl/ml), Heregulin (400 μl/ml), bF-
GF (20 ng/ml), BDNF(10 ng/ml), EGF(10 ng/ml), and
DMEM in 10% FBS for 2-7 days.
Our induction protocol is a modification of
previously published protocols [25-28].
Immunocytochemistry To determine cell
phenotype, ADAS cells were grown in hair cell
induction media on 24-well culture plates. After 5
days, cells were fixed with 4% paraformaldehyde in
PBS for immunocytochemistry analyses. Myosin Ⅶ a
(1:100; Affinity Bioreagents, Golden, USA), gilal
fibrillary acid protein(GFAP: 1:100; Boster, China) and
neuro-specific enolase(NSE: 1:100; Boster, China)
were used as primary antibodies. Specimens were
blocked with 10% nonspecific species-appropriate
serum in which secondary antibodies were generated.
Primary antibodies were diluted in PBS/0.1% Triton
X-100/2% nonspecific serum. The cultures were
incubated overnight at 4℃ with primary antibodies.
After washing with PBS, an ABC amplification kit
(Boster, China) with all antibodies was applied.
Microgram analysis and data processing An
LUZEX-F microgram analyzer was adopted to
quantify myosin Ⅶ a reaction on
immunohistochemical sections. A total of 10 sections
were randomly drawn on each slide and the mean gray
scale of myosinⅦa positive areas were analyzed. The
SPSS 11.0 software was used for statistical analysis.
Results
In primary culture containing only 10% FBS,
more than 90 % of ADSCs were fibroblast-shaped and
expressed CD105, CD44 (a marker used to identify
mesenchymal stem cells). There was no expression of
the hematopoietic lineage marker CD34 (Fig 1).
After 2 or 5 days of incubation in the induction me-
dium, there was a change in cell morphology. A total of
17.84 ~ 18.36% of the cells expressed immunoreactivi-
Fig 1. Flow cytometry histograms of guinea pig ADSCs for hemato-
poietic and stromal markers. ADSCs have been grown under control
conditions for 3 passages in DMEM/10% FBS. Adherent cells are har-
vested and stained with monoclonal antibodies against CD44 and
CD105 and CD34. (N) Distribution of ADSC cells stained for CD44.
(D) Distribution of ADSC cells stained for CD105. (Q) No expression
of the hematopoietic lineage marker CD34.
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Table 1．MyosinⅦa reaction at different incubation times
ty for myosinⅦa (Fig 2).
The percentages of reactant-positive cells in the
two groups were not significantly different, but the
mean gray scale of reactant areas was（Table 1）.
Discussion
Our results show that cultured ADSCs from adult
guinea pigs can differentiate into hair cell-like cells.
These cells can serve as seed cells for tissue engineer-
ing.
Hair cells have long been regarded as incapable of
regeneration. The identification of cell populations
capable of neuronal differentiation has generated
intense interest [29]. Stem cells from the embryonic
tissue and adult brain are capable of undergoing
expansion and hair cell differentiation both in vitro and
in vivo[9-23]. However, the inaccessibility of these stem
cells limits their clinical utility and has led to the
search for alternative cells that are capable of neuronal
differentiation. Pluripotent mesenchymal stem cells
and progenitor cells have been detected in multiple
tissues, including bone marrow and umbilical cord
blood[29, 30]. Under appropriate conditions, bone marrow
stromal cells selectively differentiate into
mesenchymal lineages[31]. Recent studies have shown
that bone marrow stromal cells can be successfully
transplanted into and survive in the chinchilla cochlea
[22, 23]. Adipose tissue has been identified as an
alternative source of pluripotent stromal cells. These
cells have been termed adipose-derived stem cells, as
they are self-renewing and can be induced to various
mesenchymal tissues, including chondrocytes,
adipocytes, osteoblasts and myocytes[32-35]. To date,
ADSCs have not been demonstrated to be capable of
differentiation towards non-mesenchymal lineages. In
our study, we demonstrated a cell culture technique for
cells from inguinal fat pads in adult guinea pigs, with
exposure to β-mercaptoethanol, RA, Forskorin,
Heregulin, bFGF, BDNF and EGF[34].
β-mercaptoethanol is an antioxidant, which can
increase intracellular cyclic AMP (cAMP). Deng et al
[36] suggest that increasing intracellular cAMP can
induce human mesenchymal stem cells to develop into
neural progenitor cells while preserving their
puerilism. RA has a role in promoting caryocinesis and
differentiation[37]. BFGF, EGF and BDNF can
integrate with receptors on the cell envelope of
mesenchyme stem cells and activate MAP kinase,
initiating cellular generation and differentiation[38].
Heregulin is a signal of axonal origin. Forskorin is an
adenylate cyclase zymoexciter, which helps increase
intracellular cAMP and the cell’s response to
neurotrophic factors. The ADSCs from adult guinea
pigs expressed myosin Ⅶa, typical immunophenotype
of inner ear hair cells, when differentiation was
induced, suggesting the cells’potential to differentiate
into hair cells. Myosin Ⅶ a matures gradually during
hair cell growth. However, it should be noted that the
cells were not studied for their functions or
electrophysiology.
The findings of this study indicate that ADSCs
possess the potential to differentiate into hair cell
phenotypes in vitro. The culture technique used in this
study can be a useful tool for studying the generation
of hair cell phenotypes in ADSCs. When the
mechanisms are clarified, ADSCs may be useful
materials in transplantation therapy for the replacement
of damaged inner ear sensory epithelial cells.
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